Abstract. Conductivity and permittivity of the quasi-one-dimensional conductor (TMTTF) 2 SbF 6 have been measured at low frequencies ( f = 10 2 ~ 10 7 Hz) under several pressures (P= 0 ~ 0.5GPa). The real part of the conductivity has a maximum at T m due to charge localization of MottHubbard type. Below T m , the real part of the permittivity (ε′) shows a sharp peak with the magnitude in the order of 10 5 ~10 6 . It has been suggested that the anomaly of ε′ is due to a charge ordering (CO) phase transition. We found that the CO transition temperature decreases with pressure. Above 0.25GPa, the temperature dependence of ε′ is strongly dependent on frequency in the frequency range of measurements. We will discuss the pressure effect on the CO phase transition in (TMTTF) 2 X family.
INTRODUCTION
In various (TMTTF) 2 X [ X = Br, PF 6 , AsF 6 , SbF 6 …] salts which are quasi-one dimensional organic conductors, with decreasing temperature, the conductivity increases at high temperature and decreases at low temperature regime. The crossover from metal to insulator state is observed in the range of T m = 100 ~ 250K. It would be expected as fluctuation of density wave (DW) due to one dimensionality of the electric system. In the salts, the unit cell is composed of two TMTTF and one monovalent anion X. In this case, the electric system has the three-quarter filled band, however, it has been found that the TMTTF molecular chains are slightly dimerized even at room temperature [1] . Therefore, the crossover is caused by the Mott-Hubbard type charge localization but not fluctuation of DW.
Recently, Nad et al. [2, 3] measured the low frequency dielectric constant ε′ in (TMTTF) 2 X salts and found that ε′ exhibits a huge divergence below T m . The temperature where ε′ shows peak is T 0 ~ 70K in (TMTTF) 2 PF 6 and T 0 ~ 100K in (TMTTF) 2 AsF 6 , respectively. They have proposed that second order ferro-electric transition occurs at T 0 . From X-ray and NMR studies, it is found that the anomaly is related to the charge disproportionation without structure change [1, 4] . Therefore, it has been suggested that charge ordering (CO) of 4k F -Wigner crystal type is stable below T 0 .
In this paper, we report on the low frequency conductivity and dielectric permittivity in (TMTTF) 2 SbF 6 under several values of pressure and discuss the pressure effect on characteristics of the CO.
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The single crystals of (TMTTF) 2 SbF 6 were grown by the standard electrochemical method. The size of sample in the present results is 0.15 × 0.10 × 3.0mm 3 . At room temperature and ambient pressure, the conductivity along the most conducting direction was about 10 Ω -1 cm -1 . As the electric leads, annealed gold wires of 10 µm diameter were attached by gold paint. The current contacts covered the whole area of both ends of the samples for uniform current density. We used "Daphne" oil as pressure medium and a clamp type bomb to apply pressure. The actual pressure at low temperature was estimated from the applied pressure at room temperature. The complex conductivity σ(ω, T) was measured in the frequency range 10 3 ~ 10 7 Hz by quasi-four contacts method using an impedance analyzer HP4192A. The real part of the dielectric permittivity (ε′(ω, T)) was calculated by standard
RESULTS AND DISCUSSION
At ambient pressure and around room temperature, the real part of the conductivity Reσ(T) shows the broad maximum at T m ~210K. The logarithmic derivative of Reσ(T), -d(ln Reσ(T))/d(1/T), shows peak at T 1 =151K. Below T 1 , Reσ(T) sharply decreases with decreasing temperature. The real part of the permittivity ε′(T) is relatively small above T m . However, ε′(T) increases with decreasing temperature below T m and exhibits sharp peak at T 0 =153K which is almost same as T 1 . Around T 0 , ε′ obeys Curie law ε′(T) ~ 10 4 T 0 / |T-T 0 |. It suggests that the transition is the second order ferroelectric of displacive type and is due to the charge ordering (CO) of 4k F -Wigner crystal type.
With increasing pressure, we found that T 0 decreases. Below 0.25GPa, the pressure coefficient of T 0 is dT 0 /dP = -110K/GPa (Fig.2) . At 0.15GPa, the sample shows the so-called "resistance jump" during changing temperature, however, T 0 did not change before and after the jump. Presumably, the jump does not seriously affect on T 0 . Comparing with the NMR measurement in (TMTTF) 2 AsF 6 [4] , the pressure coefficient in (TMTTF) 2 SbF 6 seems to be quite small even if uncertainty of the magnitude of pressure is taken into account. It is possible that the magnetic field decreases T 0 or the compressibility is different between (TMTTF) 2 SbF 6 and (TMTTF) 2 AsF 6 . More detail study should be progress.
Above 0.25GPa, the peak of ε′ is broadened and the maximum height of ε′ decreases with pressure. Nevertheless, the peak can be found up to the highest pressure of P ~ 0.5GPa. In the pressure regime, it is found that T 0 strongly depends on frequency (inset of Fig.2 ). These suggest that the relaxation time of the system is not single but is widely distributed. It is not due to homogeneity of pressure or sample quality. Because 0.5GPa is not so high pressure and (TMTTF) 2 PF 6 shows similar phenomenon [2] . As concerned the pressure effect on the electronic system in (TMTTF) 2 X salts, we could say the following. The CO state developed below T 0 is a result of coupled influence at least of three factors: on-site interaction U, inter-site Coulomb interaction V and periodical anion potential. At high enough magnitude of U in the crystals of (TMTTF) 2 X family, so-called "bond dimerization" becomes possible because U/t 2 >>1 (t 2 is a transfer integral between dimers). The charge disproportional (CO) state can develop when the magnitude of V/t 2 exceeds some critical value [5] . The pressure leads to decrease of distance between TMTTF molecules, so that t 2 increases and U/t 2 decreases because U is hardly dependent of pressure. It corresponds to shift of electronic system to non-dimerized, metallic state.
The behavior of the magnitude of V/t 2 is not easy to evaluate, because V as well as t 2 would grow with pressure, but probably this growth is not proportional. As it follows from our data that application of the pressure results in the increase of the conductivity simultaneously with decrease of T 0 , of ε′ maximum magnitude and of the sharpness of the ε′ divergence, i.e. it leads to decrease of a stability of CO state. The slowing down effects at the high pressure (inset of Fig.2 ) might be associated with glass-like behavior as in the others density wave systems at low temperatures.
